We present the sample for an abundance analysis of 25 members of M71 with luminosities ranging from the red giant branch tip to the upper main sequence. The spectra are of high dispersion and of high precision. We describe the observing strategy and determine the stellar parameters for the sample stars using both broad band colors and fits of Hα profiles. The derived stellar parameters agree with those from the Yale 2 stellar evolutionary tracks to within 50 -100K for a fixed log(g), which is within the level of the uncertainties.
Introduction
By virtue of their large populations of coeval stars, the Galactic globular clusters present us with a unique laboratory for the study of the evolution of low mass stars. The combination of their extreme ages, compositions and dynamics also allows us a glimpse at the early history of the Milky Way and the processes operating during its formation. These aspects become even more significant in the context of the star-to-star light element inhomogeneities found among red giants in every globular cluster studied to date. The large differences in the surface abundances of C, N, O, and often Na, Mg, and Al have defied a comprehensive explanation in the three decades since their discovery. material cycled through a region above the H-burning shell in evolving cluster giants may be brought to the surface with accompanying changes in composition. While standard models of low mass stars do not predict this "deep mixing," several theoretical mechanisms have been proposed (e.g., the meridional mixing of Sweigart & Mengel 1979 , and turbulent diffusion, Charbonnel 1994 , 1995 with varying degrees of success. Moreover, there is ample observational evidence that deep mixing does take place during the red giant branch (RGB) ascent of metal-poor cluster stars (see the reviews of Kraft 1994 and Pinsonneault 1997 and references therein) .
2) It has also become apparent that at least some component of these abundance variations must be in place before some cluster stars reach the giant branch. Spectroscopic observations of main sequence turn-off stars in 47 Tuc (Briley et al. 1996 , & Cannon et al. 1998 and references therein), NGC 6752 (Suntzeff & Smith 1991 , Gratton et al. 2001 ) and most recently in M71 (Cohen 1999 have shown variations in CN and CH-band and in some cases Na and O line strengths as well consistent with patterns found among the evolved giants of these clusters.
All we know about stellar evolution strongly suggests that these low mass main sequence globular cluster stars are incapable of producing significant amounts of C, N or O while on the main sequence and also incapable of deep dredge-up. Both would be required to reproduce the observed abundance variations. This leads directly to the possibility that the early cluster material was at least partially inhomogeneous in these elements or that some form of modification of the relative abundances of these elements has taken place within the cluster since the currently observed cluster stars were formed. Some suggested culprits include mass-loss from intermediate mass asymptotic giant branch stars and supernovae ejecta (see Cannon et al. 1998 for an excellent discussion of these possibilities).
In addition, King et al. (1998) have added another complication to the issue of abundance variations within globular clusters. Their analysis of a small number of sub-giants in M92 yields [Fe/H] = −2.52 dex 5 , a value smaller by about a factor of two than that derived from the spectra of giants in M92 by many authors including Cohen (1978) and Sneden et al. (1991) . If this is not due to some error in the analysis or a variation in non-LTE corrections that has not been properly included, this result is quite puzzling since the Fe abundance in the photosphere of these stars could not possibly be altered by mixing.
In an effort to unveil the source of the star-to-star element variations seen among the light elements within globular clusters, as well as to determine the constancy, or lack thereof, of the abundances of the heavy elements such as Fe, where no foreseeable mixing can be expected to alter its abundance, we have in initiated the present program to study at high dispersion stars over a large range in luminosity within the nearer galactic globular clusters. We begin with the nearest globular cluster easily reached from a northern hemisphere site, M71.
The Selection of Stars
Stars were chosen to span the range from the tip of the red giant branch to the main sequence turnoff of M71. Membership considerations at this stage involved location on the existing B, V photometric sequences of Arp & Hartwick (1971) and, for the more luminous stars, assignment of a high probability of membership by Cudworth (1985) in his proper motion survey of this globular cluster. When possible, stars were chosen which had known CH and CN band strengths from the survey by Briley, Smith & Claver (2001) of the red giant branch or the work of Cohen (1999) for the main sequence region. Unpublished spectra of these bands from Cohen were available for some of the subgiants as well. Within luminosity ranges of 1 mag, an effort was made to select stars that spanned the full range of observed CH and CN band strengths, i.e. CN weak and CN strong stars. Only reasonably isolated stars were selected.
Because this cluster lies at low galactic latitude, field star contamination is a serious issue. It was not possible to define the cluster sequence clearly in the subgiant regime. There the evolution is rapid, hence the stellar density along the isochrone is low, while the number of field stars is rising rapidly towards fainter magnitudes. Cudworth's (1985) proper motion survey in M71 does not reach faint enough to include subgiants, and even with the very recent study of Geffert & Maintz (2000) , not available at the time our sample was selected, isolation of a clean sample of subgiants in M71 would be quite difficult.
Throughout this paper, the star names are from Arp & Hartwick (1971) , or, when not included in the former, are created from the object's J2000 coordinates.
The HIRES Observations
All spectra were obtained with HIRES (Vogt et al. 1994) at the Keck Observatory. A maximum slit length of 14 arc sec can be used with our instrumental configuration without orders overlapping. Since an image rotator for HIRES is available (built under the leadership of David Tytler), if we can find pairs of program stars with separations less than 8 arcsec, they can be observed together on a single exposure. Ideally pairs consisted of two members of the M71 sample, but when that was not feasible, pairs with a random star of suitable brightness (i.e. brighter than the sample star) were chosen in the hope that the second star would also turn out to be a member of M71.
The desired minimum SNR was 75 over a 4 pixel resolution element for a wavelength near the center of echelle order 56 (∼6400Å). This is calculated strictly from the counts in the object spectrum, and excludes noise from cosmic ray hits, sky subtraction, flattening problems, etc. Since the nights were dark, sky subtraction is not an issue except at the specific wavelengths corresponding to strong night sky emission lines, such as the Na D doublet. This SNR goal was achieved, at considerable cost in observing time, for all but the faintest star. The faintest star was not a program star, but rather an object that fell within the slit for a program star setup. Its SNR is only 50 per resolution element.
The fainter program stars required integration times of several hours. If there was more than one potential brighter second star, then both such could be observed during the course of the exposures for the fainter star by changing the position angle of the instrument's slit at some point during the exposure sequence while still keeping the faint M71 star in the slit.
Approximate measurements of the radial velocity were made on line, and if a star was determined to be a non-member, the observations were terminated. If the probable non-member was the second component in a pair, an attempt was made to switch to another position angle to pick up a different second star, when a possible candidate that was bright enough was available within the limits of the 8 arcsec maximum separation. Through creative use of close pairs, a sample of 29 stars was observed in M71 with HIRES.
To avoid crowding of spectral lines, the observations were centered at about 6500Å. A 1.15 arcsec slit was used, which provides a spectral resolution of 34,000. All long integrations were broken up into separate exposures, each 1200 sec long, to optimize cosmic ray removal.
Because the HIRES detector is undersized, our spectra do not cover the full length of each echelle order without gaps in the wavelength coverage. We wanted to include key lines of critical elements, specifically the 6300, 6363 [OI] lines, the 7770 O triplet, the Na doublet at 6154, 6160Å, and the 6696, 6698Å Al I lines. Two instrumental configurations were used for the brightest stars, as it was impossible to create a single one which included all the desired spectral features in the wavelength range 6000 to 8000Å. In particular, although the 6696, 6698Å Al I doublet is the most useful feature of that element in this spectral region, we could not get it to fit into a single instrumental configuration together with the O lines. For the faintest stars, only a single configuration was used, which included the O lines but did not include the Al I doublet.
The spectra were reduced by BBB using Figaro (Shortridge 1993 ) scripts with commands written by McCarthy and Tomaney (McCarthy 1988) specifically for echelle data reduction. Table 1 gives details of the HIRES exposures for each star, with the total exposure time for the primary and for the Al configuration. The signal level per pixel in the continuum at 6150Å is also given, from which the SNR can be calculated assuming Poisson statistics and ignoring issues of cosmic ray removal, flattening etc. The latter become non-negligible for the very long HIRES integrations necessary as faint as possible in M71. Also listed is the radial velocity for each star measured from the HIRES spectra and the probability of membership assigned by Cudworth (1985) based on his proper motion study, which included only the brighter stars in the sample. A montage of spectra of a single echelle order for selected stars covering the luminosity range of the sample is shown in Figure 1 .
It should be noted that to acquire this set of relatively high precision and high dispersion spectra took a total of five nights of assigned time at the Keck Observatory. One of the assigned nights was used for a backup program due to poor seeing conditions.
Radial Velocities
Radial velocities were measured from all the HIRES spectra by cross correlating orders 56 and 57 against the spectrum of a bright template star (in practice the brightest observed M71 star) from each run. The radial velocity of the template star from each run was determined by fitting Gaussians to 20 strong isolated features in these two orders using wavelengths from the NIST Atomic Spectra Database Version 2.0 (NIST Standard Reference Database #78). Heliocentric corrections appropriate for each exposure were then applied.
The internal radial velocity errors were calculated following the precepts of Davis & Tonry (1979) using the relation σ(v r ) = α/[1 + R(T D)], where the parameter R(T D) is a measure of the ratio of the height of the peak of the cross correlation to the noise in the cross correlation function away from the peak. The constant α was set at 15 km s −1 , which represents a value at the upper end of those found in other recent HIRES programs using similar instrumental configurations by Mateo et al. (1998) , Cook et al. (1999) , and Côté et al. (1999) . Every star except the faintest one observed, G53414 4435, has an internal error in v r under 1 km s −1 , while this star only has a somewhat larger internal error of 1.5 km s −1 .
Based on their measured radial velocities, four of the 29 stars observed with HIRES are not members of M71 (stars Y, G53425 4608, G53475 4547 and G53394 4624). All of these four stars were chosen not as members of the primary M71 sample but as bright(er) stars to complete a pair, i.e. chosen primarily on the basis of their location on the sky without as careful scrutiny of their colors as was done for the primary sample.
The radial velocities for the 25 members of M71 observed with HIRES are listed in Table 1 . They have a mean v r of −21.7 km s −1 . After removing in quadrature an internal uncertainty of 1.0 km s −1 , we find σ = 2.6 km s −1 . This is in excellent agreement with the value of Peterson & Latham (1986) of −22.5 km s −1 (σ = 2.4 km s −1 ) determined from a sample of 17 bright giants in M71.
The only star which shows lines obviously broader than those expected from the instrumental resolution is M71 I-80, a RHB star. The profiles of weak lines of this star suggest that it is rotating at a projected velocity of ∼8 km s −1 , an issue which will be discussed by B.Behr in a future publication.
The Stellar Parameters
We seek to determine for the M71 sample of stars the stellar atmosphere parameters necessary to carry out an abundance analysis from our HIRES data. We adopt for M71 the distance (3900 pc) and reddening (E(B-V) = 0.25 mag) from the on-line compilation of Harris (1996) . 6 The relative extinction in various passbands is taken from Cohen et al. (1981) (see also Schlegel, Finkbeiner & Davis 1998 ). Based on the high dispersion analysis of Cohen (1983) for several red giants in M71, since confirmed by additional high resolution studies of giants in M71 by Leep, Oke & Wallerstein (1987) and by Sneden et al. (1994) , we adopt as an initial guess a metallicity for the cluster of [Fe/H] = −0.7 dex.
T ef f From Broad Band Colors -Predictions of the Model Atmospheres
We utilize here the grid of predicted broad band colors and bolometric corrections of Houdashelt, Bell & Sweigart (2000) based on the MARCS stellar atmosphere code (Gustafsson et al. 1975) . Before proceeding we demonstrate that the Kurucz and MARCS predicted colors are essentially identical, at least for the specific colors used here.
We compare the colors predicted from the MARCS code from Houdshelt et al. with those from the Kurucz ATLAS code (Kurucz 1992) . We take the predicted V − K color from each model in the MARCS grid with [Fe/H] = −0.5, and interpolate within the Kurucz color grid at the same abundance and at the log(g) of the MARCS model to find the T ef f that would be deduced.
A contour plot of the difference ∆T ef f (Kurucz -MARCS) that results when the V − K color is used is shown in Figure 2 . The three contour levels shown correspond to ∆T ef f = 0, 30 and 60 K. Also shown in this figure as the thick curve is a 12 Gyr isochrone for M71 from the very recently completed Yale 2 isochrones of Yi et al. (2001) . Along this isochrone, ∆T ef f = 0 to 25 K for the subgiants and main sequence turnoff, and ∆T ef f = 0 to 15 K for the red giant branch. Throughout the entire displayed range in T ef f ,log(g), δT ef f ranges from 0 to 50 K. We thus demonstrate that to within a tolerance of 25 K, the Kurucz and MARCS temperature scales from broad band V − K colors are identical.
T ef f From Broad Band Colors
Broad band B, V colors are available from the work of Arp & Hartwick (1971) . With such high reddening and metallicity, we chose to ignore the B measurements. Stetson (2000) provides V, I photometry for about 25% of the cluster area, specifically the NE quadrant. To supplement this, JGC carried out V, R, I photometry using short exposure images of M71 taken with LRIS (Oke et al. 1995) at the Keck Observatory for slitmask alignment purposes. These frames were calibrated by observations of standard fields from Landolt (1992) . The brightest M71 giants were saturated on all the LRIS images.
6 The extinction maps of Schlegel, Finkbeiner & Davis (1998) from their analysis of the COBE/DIRBE database are not reliable this close to the galactic plane. For M71, with b = −4.6
• , they deduce E(B − V ) = 0.32 mag.
For a smaller sample of ∼235 stars in M71, we have obtained infrared photometry at K using the infrared acquisition and guiding camera on NIRSPEC (McLean et al. 1998 (McLean et al. , 2000 at the Keck Observatory. These were taken during a night dedicated to infrared spectroscopy in M71, and are basically setup images for the spectroscopy. The data is calibrated to the standard stars of Persson et al. (1998) . A 256 x 256 pixel NICMOS detector is used with a scale of 0.18 arcsec/pixel. Hence the fields are very small and main sequence stars dominate the sample. The frames were reduced in a standard manner. This is supplemented by the infrared photometry of Frogel, Persson & Cohen (1979) for the upper giant branch of M71. For the single star in common between the two infrared samples there is reasonable agreement (see below). Infrared photometry was obtained for a few additional stars using the camera of Murphy et al. (1995) at the 1.5m telescope at Palomar Mountain. With a scale of 0.6 arcsec/pixel and a 256x256 Nicmos array, only a small portion of M71 can be covered at once. Exposures of more than 2000 sec (broken up into many spatial positions and repeats) are required to reach the fainter stars in our sample, and the crowding is severe with these relatively large pixels. However, K magnitudes for five of the stars in the HIRES sample were obtained in this way.
The V, V − K color magnitude diagram for M71 for the HIRES sample is shown in Figure 3 . The different sources of K photometry are indicated by different symbols. The stars observed by Frogel, Cohen & Persson (1979) are also indicated; three stars from their sample, whose membership probabilities are below 15% in the proper motion study of Cudworth (1985) , have been excluded as it is unlikely that they are members of M71. There are two stars in the HIRES sample with multiple measurements for K. These are indicated by horizontal lines connecting the relevant points in this figure. (M71 1-45, the brightest star in V in the HIRES sample, near the tip of the RGB has two measurements of K differing by only 0.09 mag, difficult to see on the figure.)
The photometry of Frogel et al. (1979) reaches to RHB. While the number of stars in common with the previously published photometry is only one, the consistency of the M71 RGB and RHB delineated by the published photometry and by our photometry shown in Figure 3 indicates that our mixing of several different sources for K has been done in a valid manner.
The observed broad band colors for each program star (V − I and, when available, V − K), corrected for extinction, are used to determine T ef f . The set of models with metallicity of −0.5 dex, nearest to our initial estimate of [Fe/H], is used. Table 3 lists the T ef f deduced from each of V − I and V − K, when available.
The calibration of our photometric data, as distinct from that of Stetson (2000) , could be better. We assume an uncertainty of 0.02 mag applies to V − I from Stetson (2000) , an uncertainty of 0.03 mag applies to colors from the LRIS images, and an uncertainty of 0.05 mag applies to all V − K colors. Given the relatively high reddening of M71, there is an additional uncertainty due to possible spatial variations in reddening across the field of the cluster. We assume this occurs for E(B − V ) at a level of 10%, which is the fractional variation in E(B − V ) detected across much more heavily reddened globular clusters by Cohen & Sleeper (1995) . This translates into a total uncertainty in T ef f of 75 K for giants rising to 150 K for main sequence stars using V − I, divided about equally between the two contributions (uncertainty in reddening and photometric colors), and 40 K from V − K for giants rising to 70 K for dwarfs, with the dominant contribution arising from the photometric uncertainties. We adopt the larger of these uncertainties (those from V − I) as applicable for our T ef f determinations.
Computation of log(g)
Once an initial guess at T ef f has been established from a broad band color, it is possible with minimal assumptions to evaluate log(g) using observational data. The adopted distance modulus, initial guess at T ef f , and an assumed stellar mass (we adopt 0.8 M ⊙ for the upper main sequence stars, and 0.6 M ⊙ for the RHB stars) are combined with the known interstellar absorption, the predictions of the model atmosphere grid for bolometric corrections as well as a broad band observed V mag to calculate log(g).
An iterative scheme is used to correct for the small dependence of the predictions of the model atmosphere grid on log(g) itself. Rapid convergence is achieved.
It is important to note that because of the constraint of a known distance to M71, the uncertainty in log(g) is small, ≤ 0.1 dex when comparing two members of M71. Propagating an uncertainty of 15% in the cluster distance, 5% in the stellar mass, and 3% in T ef f from a reddening uncertainty of 0.04 mag in E(B − V ), and ignoring any covariance, leads to a potential systematic error of ±0.2 dex for log(g).
T ef f and log(g) from Hα Profiles
The profiles of the Balmer lines can also be used in principle to determine T ef f and log(g) in the temperature range characteristic of the M71 stars. The estimates of stellar parameters obtained in this way are to first order independent of reddening and of any photometric data. There is little sensitivity to surface gravity or overall abundance. Given the constraints on log(g) and known approximate metallicity imposed by the globular cluster membership of the sample stars, the primary dependence of the Balmer line profiles in this regime of T ef f and log(g) for the HIRES sample of members of M71 is on T ef f .
We attempt to use the Hα profiles for this purpose. The HIRES spectra themselves are not suitable for this purpose, as the large scale continuum determination, particularly in these relatively metal rich cool stars, is suspect at the level of 1 to 2% due to imperfect removal of the variation of the instrumental response across each echelle order. Instead the Balmer line profiles were obtained from observations with LRIS (Oke et al. 1995) at the Keck Observatory. A 1200 g/mm grating with 0.7 arcsec wide slits was centered at 6500Å to yield 0.63Å/pixel or a spectral resolution of ∼1.7Å.
The same slitmasks that were designed, fabricated and utilized for the CH and CN observations of 79 main sequence stars in M71 described in Cohen (1999) were used again in M71 for these observations. An additional slitmask of subgiants was also designed and used for this purpose.
The spectra were reduced in the usual fashion using Figaro (Shortridge 1993) . Continuum bandpasses were defined based on examination of the much higher dispersion HIRES spectra of M71 stars. The median value within each of the continuum regions was chosen as a representative value for the bandpass. A second order polynomial fit to the signal for each of the "line free" regions was used to define the continuum. To improve the SNR still further for the main sequence stars, the Hα spectra of three to five stars of similar luminosity along the main sequence of M71 were summed, then the resulting profile was normalized. Figure 4 shows Hα profiles for three stars summed near the bright end of Cohen's (1999) main sequence sample, which corresponds in the color-magnitude diagram of M71 to the main sequence stars in the HIRES sample, as well as for a subgiant.
These profiles were compared against the spectral flux calculated by Hauschildt et al. (1999) for [Fe/H] = −0.7 dex. 7 The grid spacing of the spectral synthesis is 2Å. We fit the predicted flux of Hauschildt et al. in the region of Hα using the same procedure as had been applied to the stellar spectra to generate a set of model Balmer line profiles with a normalized continuum level.
Even with the use of LRIS spectra instead of echelle spectra, the continuum determination across the Hα profile is still uncertain by 1%. The sensitivity to T ef f of the wings of the predicted Hα profiles is not large compared to this potential uncertainty. To minimize its effect, we compared the observed and predicted Hα profiles only over the region within 3Å of the line center. The resulting values of T ef f for our M71 stars are still considerably higher than those derived from the broad band colors. Because of the problems mentioned above as well as the potential impact of continued small improvements to the broadening theory for Balmer lines (see, for example, Barklem, Piskunov & O'Mara 2000) , we decided to use the Hα profiles only to estimate relative values for T ef f from star to star within the M71 sample, forcing agreement with the T ef f deduced from the colors at the main sequence.
The Hα profiles provide measurements of T ef f which are in agreement with those derived from the stellar colors to within the uncertainties of each method. One might hope to determine the stellar mass at the turnoff directly from the observations through the gravity dependence of these Balmer line profiles. However, the required precision in the observed Balmer line profiles of better than 1% is not easily achieved, nor is it clear that the theoretical profiles are sufficiently accurate. Furthermore, the dependence of the Balmer line profiles on T ef f is much larger. Thus determining T ef f itself with sufficient precision to then extract a precise value for log(g) would be extremely difficult. Table 3 provides a summary of the stellar parameters for the 25 members of our M71 sample determined both from broad band photometry and from Hα fits. In addition to the values of T ef f from V − I, from V − K and from Hα (when appropriate) 8 , a mean temperature is listed. The weight of the Hα value, when used, is half that of the values from V − I and from V − K. With the adopted zero point for assignment of T ef f from the Hα profiles, the good agreement between the three values, consistent with the expected observational errors, is gratifying.
Comparison of Stellar Parameters with Isochrones
Given that these stars sample the population of a globular cluster, T ef f should decrease monotonically as the luminosity of the star increases. Furthermore stars in the same region of the cluster isochrone ideally should have very similar stellar parameters. The weighted values of T ef f given in Table 3 do not quite achieve this. We therefore slightly adjusted the weighted T ef f by not more than 100 K (150 K for star G53392 4624) (values typical of our observational uncertainties) while retaining the mean relationship unaltered to try to achieve this. The adopted T ef f for each star in the M71 sample, listed in the final column of table 3, is the value used in the abundance analyses presented in subsequent papers in this series.
For the non-members, since their distances are unknown, no value of log(g) can be obtained and the derived T ef f will be incorrect if the reddening is different from the value adopted for M71. Figure 5 compares the adopted T ef f and log(g) for our HIRES sample of members of M71 with the isochrone predicted for a stellar system with an age of 12 Gyr with [Fe/H] = −0.7 dex from the very recently completed Yale 2 tracks of Yi et al. (2001) . Scaled solar mixture abundances are used in the Yale 2 calculations for all elements heavier than He.
First we note that the set of M71 stars observed with HIRES provides a reasonable sample of the cluster isochrone from the RGB tip to the upper main sequence, with the exception of the lack of subgiants.
Comparing theory and observation using the set of parameters shown in Figure 5 , quite different from the usual color-magnitude diagram, is a very stringent test. The agreement with with the new Yale 2 isochrone is quite good. The T ef f of the theoretical giant branch for the metallicity of M71, which is well known from past work and determined yet again in Paper II, is only 50 -100 K cooler at a fixed log(g) than are the observed stars.
We already know from comparison with the infrared photometry of Frogel et al. (1979) that one cannot ascribe this systematic discrepancy to uncertainties in the measurements. So we now consider the various types of systematic errors that might have occurred. There are two known systematic errors in the handling of the observational data described above. The first is a systematic underestimate of log(g) by 0.04 dex as the theoretically predicted mass along the upper RGB is 0.88 M ⊙ , while a mass of 0.80 M ⊙ was used to calculate the surface gravities for the cluster stars (excluding the RHB stars) from the observed magnitudes and colors. The second is an underestimate in T ef f of less than 20 K because the model grid used to define the predicted broad band colors had [Fe/H] = −0.5 dex, not the nominal metallicity of M71 of −0.7 dex.
As discussed in §5.3, the internal errors from star to star in log(g) are small, while the systematic error is dominated by the uncertainty in the distance, and is indicated in Figure 5 by arrows. The errors indicated in T ef f are dominated by the uncertainty in the reddening. An overestimate of the reddening E(B − V ) by ∼0.04 mag, which seems unlikely, could reproduce most of the discrepancy shown in Figure 5 through the resulting underestimates of T ef f .
Another area of concern is the validity of the relationships we have adopted between color, T ef f , and log(g). As discussed earlier, we have carefully checked the consistency of the predicted colors from Houdashelt et al. (2000) with those from Kurucz (1992) computed using the ATLAS code, and have also examined the the comparison with the empirical color-T ef f -[Fe/H] relations for dwarfs and for giants established by Alonso et al. (1996 Alonso et al. ( , 1999 . For V − K, the MARCS and Kurucz predictions are in very close agreement, while the empirical fits to the angular diameter measurements using the infrared flux method carried out by Alonso et al. yield a T ef f about 50 K cooler for a fixed V − K color in the relevant range.
In addition, the theoretical tracks utilized thus far do not include enhancement of the α-elements, which is common in metal poor globular cluster giants. However, the O-enhanced tracks of Bergbusch & VandenBerg (1992) do not fit any better for the nominal metallicity of M71. This is not surprising as Bergbusch & VandenBerg show that to first order the effects of enhancing O are equivalent to using a model with scaled solar abundances with an appropriately calculated higher global metallicity. This would make the predicted RGB cooler, making the discrepancy slightly worse. Their latest α-enhanced models given in VandenBerg et al. (2000) retain this behavior.
We know from Paper II the correct [Fe/H] for M71, and will shortly know from Paper III the α-element enhancements. With that information plus the stellar parameters of Table 3 , once any small remaining discrepancies between the predicted and observed stellar parameters is understood, one can check for consistency with the new α-enhanced tracks of VandenBerg et al. (2000) .
The total effect under consideration (i.e. the discrepancy between the theoretical stellar isochrones and the behavior of the observed cluster sample in M71 shown in Figure 3) is only ∼50 -100 K in T ef f . There are several possible contributions on the observational side which may be large enough to explain it, including an error in the adopted reddening for the cluster and uncertainties in the relation utilized between color and stellar atmospheric parameters. Hence we have chosen to wait for more such comparisons to be carried out in the domain of T ef f , log(g) for additional clusters in future papers before speculating further on this issue.
Looking Forward
With this information in hand, we are ready to carry out an abundance analysis based on measurements of equivalent widths from the HIRES spectra of the M71 sample. An analysis of the Fe abundances for this sample of M71 stars is presented in the next paper in this series (Ramírez et al. 2001 Arp & Hartwick (1971) or are assigned based on the J2000 coordinates, rh rm rs.s dd dm dd becoming Grmrss dmdd.
b This star has V, I from Stetson as well as from the short LRIS images, but
Stetson's I is very discrepant from that from the LRIS short images. This is the only such case found so far. Arp & Hartwick (1971) or are assigned based on the J2000
coordinates, rh rm rs.s dd dm dd becoming Grmrss dmdd.
b T ef f from the Hα profile has half weight.
c These are RHB stars in M71.
d The Hα profiles are not used to derive T ef f for these stars. Fig. 1 .-A section of order 58 is shown for the brightest (at V ) M71 star in our sample at the top of the figure and the faintest at the bottom. Starting with the brightest star, we display stars in the sample in increments of five in order of decreasing luminosity, omitting the RHB stars. Fig. 2 .-To demonstrate that the Kurucz and MARCS grids of predicted colors are essentially identical, contours of ∆T ef f computed for V − K are displayed. ∆T ef f is the difference between the T ef f predicted from the ATLAS models of Kurucz (1992) and the MARCS models of Houdshelt, Bell & Sweigart (2000) for a fixed abundance ([Fe/H] = −0.5 dex) and a V − K color taken from the MARCS grid. The contour levels are 0, 30, and 60 K. The thick curve is a 12 Gyr isochrone for M71 taken from the Yale 2 tracks of Yi et al. (2001) . See the text for details. Fig. 3 .-The V, V − K color-magnitude diagram for M71 for the HIRES sample. Filled circles denote measurements from SCAM/NIRSPEC, open circles denote measurements from the P60 IR camera, and crosses denote the set of RGB and RHB stars from Frogel, Persson & Cohen (1979) . For each of the two stars with more than one independent observation at K, horizontal lines connect the pair of points. A distance of 3900 pc with a reddening E(B − V ) = 0.25 mag has been adopted. The arrows in log(g) indicate the systematic error which is dominated by the contribution from the distance uncertainty; the internal error from star to star within M71 is considerably smaller. The error bars in T ef f shown for the most and least luminous M71 stars in the HIRES sample are dominated by uncertainties in the reddening and are typical of the sample.
